To look into the long-term outcome of surgical treatment of congenital glaucoma. Results 44 eyes of 25 patients, 16 male and 9 female, reviewed. The mean age at diagnosis was 10.5 (range 0.03-180) months. Twenty three (92%) patients were diagnosed to have congenital glaucoma at or shortly after birth. Thirty seven eyes (84.1%) had primary infantile glaucoma, 3 eyes (6.8%) had developmental glaucoma and 4 eyes (9.1%) had secondary glaucoma. The mean corneal diameter 12.7 (range 9-18) mm, and mean cupping 0.7 (range 0.2-1.0). 78 glaucoma procedures were performed with the mean patient's age at the time of surgery 34.4 (range 0.07 -181) months. The mean intraocular pressure reduced from 26.7 to 14.0 mmHg in 15 eyes (34%) after a mean number of operation/eye of 1.8, and a mean follow up of 54.3 months. Kaplan-Meier life-table analysis showed decreasing success rates with time of all procedures. However, trabeculectomy was clearly the most successful in our hands. No serious surgical complications. Vision (> 6/12) achieved in 27.3% of eyes, and 63.6% of the eyes were legally blind (< 6/60). Conclusion Primary trabeculectomy is safe and effective in children with CG operated on by general ophthalmologist. The success rate of all surgical procedures decreased on long term follow up. The visual outcome is satisfactory in about 1/3 of the investigated eyes.
Introduction
ongenital glaucoma (CG) is more common, aggressive and difficult to control in Saudi Arabia than in Western countries [1] [2] [3] . In the Saudi Arabian pediatric population, goniotomy or trabeculotomy rarely is successful 3 . Trabeculectomy has been reported to have a lower success rate in children compared with adults [4] [5] . This was attributed to the inherent tendency toward excessive scarring in young children, in addition to other risk factors for surgical failure such as prior conjunctival or intraocular surgery, aphakia, or uveitis 6 . Combined Trabeculotomy -Trabeculectomy (CTT) may be the treatment of choice in children with CG in Saudi Arabia 3 . This is a retrospective study to find out the long-term outcome, of intraocular pressure (IOP) control and visual acuity, in Saudi's children who underwent surgery for primary and secondary CG.
Materials and Methods
The charts of all CG patients who underwent glaucoma surgery between January 1988 and December 1997 at King Abdulaziz university hospital were reviewed in December 2007. Standard collection forms is used to record demographic data; pre and post-operative ocular status, Intra Ocular Pressure (IOP), visual acuity, ocular surgery, age of the diagnosis of the disease and operation, intra-operative and post-operative complications. Prior medical and surgical treatment, family history of childhood glaucoma and consanguinity, and final IOP and visual acuity were recorded. The diagnosis established by measurements of IOP and by the presence of accompanying signs and symptoms of sustained, elevated IOP such as buphthalmos and corneal enlargement and edema as well as tearing and photophobia. Other substantiating signs such as breaks in Descemet's membrane (Haab's striae), optic disc cupping, or refractive status towards myopia could not be adequately evaluated in many The affected eyes underwent one or more of the following surgical procedures to lower IOP.
Goniotomy, trabeculotomy, trabeculectomy, Combined Trabeculotomy -Trabeculectomy (CTT), cyclocryotherapy (CCT), Contact Nd-Yag cyclophotocoagulation (CYC), or Ahmed valve implantation. To be eligible for inclusion in the study, all eyes were required to have completed a minimum of 1 month of follow-up care from the date of glaucoma surgery. All procedures were performed under general anesthesia, using standard techniques that have been described previously [7] [8] [9] [10] [11] [12] [13] . Routine postoperative drug therapy included topical Maxitrol drops (Alcon, Ft. Worth, TX) q3hours and ointment at bedtime. Topical anti-glaucoma medications used if IOP increased to unacceptable levels. Further surgery performed if IOP could not be controlled medically after three month post-operatively The patients examined 1, 2, and 3 days after surgery, followed by examination in the clinic at the end of 1, 4, and 8 weeks and every 3 months thereafter. At each visit, patients were fully examined, and the anterior chamber depth, corneal appearance, bleb appearance, IOP, fundus, and any complications were recorded. Intraocular pressure control was defined C with anti-glaucoma medication. Visual acuities measured during the most recent postoperative examination used to determine outcome. Monocular visual acuity measured in an age-appropriate fashion using Snellen letters, the illiterate E game, or Aen pictures. Vision in preverbal children evaluated by observing the fixation pattern (Central, steady, maintain). The ability to count fingers and to perceive light, colors, and movement assessed in a child with severely impaired vision. Refractive errors and Amblyopia were treated.
Statistical analysis
Results expressed as mean ± standard deviation (SD), and the student's t-test was used. Because of the variability in length of follow up among patients, life-table (survival) analysis (Kaplan-Meier method) was used to estimate the success rate at various post-op intervals. The Log-rank (Mantel-Cox) and Log-rank trend tests were used to compare the Survival Curves of the four major procedures. Graph Pad Prism (5) software used to perform those tests.
Results
The data of fifty CG patients managed between January 1988 and December 1997 reviewed. 50 eyes of 25 patients had complete record at the time of data collection. 6 eyes (3 eyes had burned out glaucoma and 3 eyes were normal) of 6 patients were excluded. 23 (92%) patients were diagnosed to have CG at birth (18 patients) or within the first year of life (5 patients). There were 16 male patients and 9 female with male to female's ratio of 1.8:1. The mean age at diagnosis was 10.5 months and the median was 0.03 month. 19 patients (76%) were bilaterally affected; the right and left eye were affected in 3 patients each. Family history of congenital glaucoma was positive in 8 (32%) patients and 10(40%) cases were the products of consanguineous marriages ( Table 1) . 37 eyes of 21 patients (84.1%) had primary infantile glaucoma, 3 eyes of 2 patients (6.8%) had developmental glaucoma and 4 eyes of 2 patients (9.1%) had secondary glaucoma ( Table 2) .
Intraocular pressure
The mean + standard deviation (SD) preoperative IOP was 26.7 +/-10.9 (range, 11-59.1) mmHg. Although some of the eyes had normal IOP levels before surgery, they operated on because they were taking antiglaucoma medications and the diagnosis of glaucoma confirmed based on comprehensive ocular examination. At the final follow-up visit, the mean IOP was 14.0 ± 2.9 (range, 10-21) mmHg. Before surgery, 94.9% of eyes were receiving anti-glaucoma medications (mean, 1.6 ±0.6; range, 0-3 medications). However, at the last followup, only 38.5% of eyes required antiglaucoma medications (mean, 0.9 ±0.5; range, 0-2 medications) for the control of IOP (P<0.0002). Additional surgeries performed for eyes uncontrolled with antiglaucoma therapy, either a repetition of the surgery, or other procedure.
Corneal diameter and clarity
Mean (± SD) horizontal corneal diameters at presentation was 12.7 ± 2.0 (range, 9 -18) mm. Pre-op, 72.7% of eyes had corneal scar and haze (edema); it decrease to 47.7% on final follow-up, but the number of eyes with corneal scar increased from 6 to 12 eyes ( Tables 1 and 3) .
Cupping
Optic nerve could be visualized in 33 (75%) out of 44 eyes. The mean cup/disc ratio was 0.7 +/-0.2 (range 0.2 -1).
Procedures 78 glaucoma procedures were performed on 44 eyes of 25 consecutive infants and children. The mean number of surgical procedures per an eye was 1.8 (range1-11).The mean patient's age at the time of surgery was 34.4 months and the median was 6 months ( Table 3 ).The patients were divided into 7 groups according to the surgical procedures performed ( Table 4 ).
Group 1
3 eyes of 3 patients had goniotomy. One eye had repeated goniotomy. The 4 operations failed within 4-6 (mean +/-SD 5.1+/-0.9) months post-operatively (Figure 1) . The mean age at the time of operation was 17.5 +/-11.5 (range 3 -29) months. All eyes had hazy cornea which may affect the visualization of the angle and subsequently the result of surgery. 
Group 7
One eye had successful Ahmed valve implantation. It had 10 failed previous procedures (5 trabeculectomy, 2 CCT, 3 CYC). The age at the time of operation was 104 months, and follow up time was 120 months.
Success rate
The overall success rate in the last visit was 34%, with a mean follow up of 54.3+41 (range 1-168) months. Kaplan-Meier survival analysis (cumulative success over time) of the four commonly used procedures is summarized in Table 5 and Figure 5 .
Comparing the Survival Curves of these 4 procedures using Log-rank (Mantel-Cox) Test and the Log-rank test for trend showed no statistically significant differences (P=0.2239, and 0.2422 respectively).
Visual acuity
Visual acuity on final visit is summarized in table (6) . 63.6% of the eyes were legally blind (< 6/60) as defined by World Health Organization. Good vision (> 6/12) was present in 27.3% of the eyes. The main cause of decreased vision was corneal haze and scar as shown in Table 7 .
Complications
The intra-operative and post operative complications of all procedures are summarized in Table 3 . Hyphaema occurred in 14 (18%) eyes and all cases resolved spontaneously within one week. Drawn up pupil, the second most frequent complication occurred in 4 eyes (5.1%). It was associated with good control of IOP and did not jeopardize the final vision. Choroidal and exudative retinal detachment occurred in 1 (1.3%) eye following trabeculectomy. This eye had 18 mm corneal diameter.
The detachment resolved spontaneously within 6 weeks. Vitreous prolapse into trabeculectomy site occurred in one aphakic eye following eye massage. This complication may help to keep IOP under control. 
Discussion
Over the last 20 years, I managed more than one hundred children with CG. I am reporting in this article about the first 10 years of my experience. Unfortunately, during the transfer to the new hospital in 1996 we lost many of our patient's records.
In spite of that, the number of patients reported her is more than what an international average ophthalmologist see, one case every 5 years, of active clinical practice. This confirmed the fact that CG is not rare in Saudi Arabia, and commonly seen in the eye clinic 1. Primary congenital glaucoma (PCG) accounts for most of our reported cases (84.1%). This could be due to the frequency of consanguineous marriages (40%) and family history (32%) in our population. Al-Hazmi et al 14 16 in the West Bank and Gaza`Strip had a success rate of 69% with a follow up ranging from 6-12 months. Al-Hazmi et al 18 reported that success rate of trabeculectomy increase with age, 32% for patients younger than 6 months and 85% for patients older than 4 years of age. Direct comparison between our study and these studies is difficult, since our study has longer mean follow up and include all types of CG. It has been reported that the success rate of trabeculectomy decrease on longterm follow up, and it is lower for secondary types of CG [16] [17] . The adjunctive use of antimetabolites has been reported to increase the success rate of trabeculectomy 18 . Our preliminary result of using 5 Fluorouracil (5FU) and Mitomycin-C (MMC) with trabeculectomy showed improvement of success rate. Whether primary CTT is superior to trabeculotomy or trabeculectomy alone was a subject of considerable debate. Biedner and Rothkoff 19 found no difference between trabeculotomy and CTT in 7 Arab Bedouin infants. Dietlein et al 20 investigated the outcome of trabeculotomy, trabeculectomy, and CTT and found that there was no statistically significant difference according to the life-table analysis. Al-Hazmi et al 18 reported that success rate of CTT was slightly more successful than trabeculectomy alone (57% versus 39%) and lower for patient younger than 6 month of age (49%). The success rate improved to (70%) when MMC was used 14 . Mullaney et al 3 reported that the success rate of CTT is 78% for primary CG versus 45% for developmental and secondary CG. In our study, patients who underwent primary CTT had low success rate compare to those reported by Al-Hazmi et al. This could be due to many of our patients younger than 6 months of age, MMC was not used, longer mean follow up (ours 58 months versus 24 months in Al-Hazmi study), and we treated all types of CG. Both CCT and CYC had poor success rate in our patients in spite of multiple sessions. Al-Faran et al 12 had 30% success rate of CCT in a large series of children with advanced CG. Early experience with CYC in young children with advanced CG showed a success rate of 50 % 13 . Antiglaucoma medications used to control IOP after failed surgery in about 35% of Al-Hazmi et al 18 cases, and 38.5% of our treated eyes. One of the aims of this article was to evaluate final visual outcome in children undergoing surgery for CG. The visual acuity of the present study is better or comparable to some of the previous series. 63.6% of the eyes of our patients were legally blind (< 6/60) and 27.3% of the eyes had good vision (> 6/12). Richardson et al 21 noted in 17 treated eyes for CG that 1 (5.9%) eye had visual acuity of (6/15) and 12 (70.6%) eyes had acuity less than (6/60). Biglan and Hiles 22 studied the visual results after infantile glaucoma surgery in 26 patients, only 2 (7.7%) patients had visual acuity of (6/12) or better in both eyes, and the rest of the patients had extremely poor vision. Mandal et al 23 found that among children treated for CG diagnosed at younger than 1 month, only 26.3% were able to achieve > 6/12 vision. Morin et al 24 estimated that if glaucoma is present at birth more than 50% of the affected eyes would be legally blind, whereas with a later onset, only 20% of eyes will remain blind. Kargi et al reported the visual outcome in children with CG observed over 30 years. It was > 6/12 in 29% of patients, and < 6/60 in 47% of patients. The most favorable outcome was for patients with PCG followed by secondary glaucoma. Amblyopia and optic nerve damage were the most frequent causes of visual loss 25 . In the present study, 12 (27.3%) eyes had clear cornea and 32 (72.7%) eyes had various degrees of corneal edema (haze) and scarring. After surgery, at the last follow-up visit, 23 (52.3%) eyes had clear corneas and 21 (47.7 %) eyes had persistent corneal edema and scarring. Although corneal edema cleared in a significant percentage of cases, its persistence and the development of corneal scarring were the most important causes of failure of visual recovery, even though control of IOP achieved in these cases. There were no major intra-operative complications in our patients. The most significant postoperative complication was choroidal and exudative retinal detachment, which occurred in 1 eye following trabeculectomy. This eye had 18 mm corneal diameter. Morin reported that glaucomatous eye could develop retinal detachment if the corneal diameter is greater than 15 mm 26 . The limitations of this study include its nonrandomized, retrospective design, the inclusion of patients with developmental and secondary glaucoma in a relatively small proportion, and variability in the timing of surgery. Limited numbers of patients with developmental and secondary glaucoma prevented meaningful comparisons for different subgroups.
Conclusion
Primary trabeculectomy is safe and effective in children with CG operated on by general ophthalmologist. No significant different between trabeculectomy and other modalities of surgical treatments. The success rate of all surgical procedures decreased on long term follow up. The visual outcome is satisfactory in about 1/3 of the treated eyes. The main cause of visual loss is corneal opacity.
